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The Separation of the Vane and the Camring at high speed of
an Oil Hydraulic Vane Pump for Automobile
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Abstract —In an oil hydraulic vane pump for an automobile, it is very important that the vane doesn’t separate
from the camring inner race during the operation of the vane pump. The vane generally has not only the oil
hydraulic force acting on the bottom face to contact to camring inner race but there is also an inertial force and
viscous force. Because the oil hydraulic force is much larger than the other forces, the contact state between the
vane tip and the camring inner race is sufficient. However, the contact state between the vane tip and the camring
inner race is only affected by the inertial and viscous forces during the delivery of the vane pump, because the
oil hydraulic force acting on the vane is in equilibrium. If the inertial force is larger than the viscous force, which
happens when the vane is separated from the camring inner race, the delivery of the vane pump can become unsta-
ble or the volume efficiency can become decrease rapidly. Therefore, in this paper, the state of the contact between
the vane and the camring is considered. The results show that the rotating speed of the shaft, the operating tem-
perature of the oil, the clearance between the vane and the rotor, and the mass of the vane exert a great influence
on the state of the contact between the vane and the camring.
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Fig. 1. Structure of an oil hydraulic vane pump.
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Fig. 2. Camring profile.

AZsh, JolA 49 vjzreigo] {1z, Hile]
o] S T 75 w3 Wi VIS ET) v
o7 F7hste] gt Ee] Aglo] 51‘3}[3 Al

mebA B =M e e YARE Abold
M2 FHQ1 ¢sl34e =9ste, A %ﬁ—% o
3} A F

£ =ollA e} sk Wz WQl =
107] olB2 A% #7F §9Y 7 es L E
Z 77 YERIW Fig. 13 2TH12]. S71A o=
H|Q1e] H$jztolr),

Fig. 201448 &517H () =4 745 A=x=5}
o]o q._J,]_ 7Lo :L/q\:i O]TO] ]1’4—,

() T (18-, <p<18"+9,)

r=r.+p(6)
o714,

Vol. 26, No. 2, April, 2010



138

0= pl50 - 1sings)

Pz, %
=p2¢,)
0= p+@,—18°

) 77 (18°+ p,<p<72°—p,)

r=rg+(r— r)(51)5—418

() T (712°- < 9<T2°+ @)

r=rrpo+p(6)
A7IA,
p(€)=po(2% +Lsin

0= o+ @,—72°

4) 77 (72°+ . < p<180°—,)

r=r

(5) 77 (108~ p, < p<180°+ ¢,)

r=r—p(6)
ol71A,

)

T 9)
2,

6 1
o6 = p{w ~Lin

0= o+ p,—108°

(6) 7+ (108°+ @, << 162",

né’)
2

o

r=ry+ (r,—rx)(m)

54

(7) 77 (162°—p,< p<162°+ @,)

r=ri+po—p(6)
ol 71A,

Journal of the KSTLE

©)

4)

®)

@)

0= p+p,—162°
(8) 77t (162°+ 9, < < 198°—@,)
r=r, ®)

o] Qs BAH] e AP =
P4 Qo] Ao sojof Tk mEkd the 4(9)
o WAE VEIFE p, 08 AP,

ﬂ — r—rs — &

dp 54 o ©)

290l & F ARl @, 7t AAE, p, 7t AA
7] WEo] e o el ==, an 204 &

T A vkek o] izt et 36%]
71wl o) stz o]27d 18]tk

AP 2933R FYZERE 71 77
o2A W grol AAH R FkskaL, A2y
TUEERE W go] AFgHer Frlsta, Gy
e FYUAEEFAM ddEHFE 7 s i
ol AxH oz FrkskaL, ARk tiels Wt
AL, A Gy el EEXERR T
ZromM WY e AAH o= faesh, A6y Tk
ESYERZ 9 o] AFHor bk 11kl
ERE AT EFAESON LSS RE Th
TRReEA WY gho] AR Fastal, Al(8)

7k 295 AT )

Fig 201 & &= = migl o] g = S T
% 0°= /gzc—}o 995’.,1 ;q ‘:‘H 0 () %A—E /\«1730 1:].

fr _E

¢

2.2, H|olo| X2

Fig. 3& w2l ZeEl= ZEELE HAF 9o
o, wlelol] ola) Aol zgah= % sxe thos)
ZH3-5].

F,=F,—F,+F, (10)

o714

F= wQle) AAdd,

F,,T_: el 3}49_3],,. ;GA—]E:)

Fp= 4ol oJ3 aHgolt,

wj1e] 28l ol thEat 7o) Hjle] &

342 £h% F Uk

m,a,=F, (11)



AEAG FreEze] oA W2ls A o] 139

Vane displacement
Cam-ring
e 19.0

—~—Vane _ delivery region
P- Fq T Fn = E small arc region
. 1 — o
Fi < —— Camprofile 1000 rpm
f *QEJ 1500 rpm
Ft E 2000 rpm
t Rotor S 189
o
o
Fp 2
> / 0 \
c
© 3000pm
(0]
7, = 60001pm
Fig. 3. Normal forces acting on the vane. 18.8
160 165 170 175
Table 1. Geometrical shapes and operating conditions Angular displacement ¢ [deg]

of the vane pump Fig. 4. Displacement of the vane to the rpm.

Items Values
Number of the vane 10 Vane displacement
Radius of the small arc 18.9 mm 19.0 . -
delivery region
Radlu? of the large arc 21.4 mm E <ol e region
Radius of the rotor 18.5 mm =
x
Width of th 13 mm I \
idth of the vane £ Camprofle.
Height of the vane 8 mm g 18.9 / 0°C
Thickness of the vane 1.6 mm %
Radius of the vane tip I mm %
Weight of the vane 0.013N % 80°C
o . 40°C 32 cSt = 2°C
Viscosity of the oil
100°C 7.3 ¢St 18.8 : ‘
160 165 170 175

Angular displacement ¢ [deg]
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Fig. 5. Displacement of the vane to the temperature.
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Fig. 7. Displacement of the vane to the weight of the
vane.
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